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In an effort to improve the fitness of youths, extensive "body
building," "conditioning," or "toughening" programs have been
advised and developed. Unfortunately little has been done to
evaluate the effectiveness of these programs. Our experience with
the testing of athletes2' 4 strengthened our belief that in order signifi-
cantly to increase fitness a body-building program would have to be
strenuous and would have to have an ever-increasing pace. The
very unfit might be benefited by mild exercise, but boys in fairly
good condition have to be given hard work if one expects to improve
their fitness to do hard work. It is advised, however, that such
programs be under experienced and careful guidance, that the med-
ical and nutritional needs of the trainees be supervised, and that,
whenever possible, the work be varied from group to group accord-
ing to each group's relative fitness. The present report describes
an attempt to evaluate the effectiveness of a body-building program
by comparing bicycle ergometer tests given at the beginning and at
the end of that program.
Method
At the 'beginning and at the end of a seven weeks' body-building program,
which consisted of a one-half hour of calisthenics, a run, and an obstacle
course, followed by a period of informal athletics on 5 days a week, 126 boys
were given a dynamic physical fitness test on a bicycle ergometer. The boys
were divided, for the purposes of this test, into three size groups,3 and their
heart rates during and after exercise were recorded. Fitness indices were
calculated on the basis of these data. At the end of the training period the
athletic director chose the 20 boys who had worked most diligently and the 19
boys who had put in least effort, and changes in fitness indices of these two
groups have been compared.
The 126 boys ranged in age from 13 to 19 years: the average age for
Group I was 15.1; for Group II, 16.0; and for Group III, 16.4. Their
body-surface areas ranged from 1.06 to 2.23: the average for Group I was
161.8; for Group II, 179.3; and for Group III, 192.5. At the first test
only two boys were unable to maintain 20 miles per hour on the bicycle; at
the second test one of these was unable to maintain 20 miles per hour.690 YALE JOURNAL OF BIOLOGY AND MEDICINE
TABLE 1
DISTRIBUTION OF MAXIMUM HEART RATES AT BOTH THE INITIAL AND FINAL TESTS
GroIp I Group II Group III
First Second First Second First Second
time time time time time time
124 ................................0 0 0 1 0 0
136 ................................0 0 0 0 1 0
140 .........1 0 1 0 0 0
144 ................................ 12 1 1 0 1
148 ................................ 11 0 0 0 1
152 ................................ 2 5 0 1 0 2
156 ................................0 2 2 2 0 1
160 ................................6 4 2 5 3 2
164 ................................1 4 2 5 2 3
168 ................................5 6 7 7 5 4
172 ................................6 2 6 5 7 10
176 ................................6 7 5 4 8 7
180 ................................5 3 1 2 4 7
184 ................................4 2 4 1 7 4
188 ................................2 5 3 2 4 2
192 ................................2 0 2 0 2 2
196 ................................0 0 0 0 4 1
200 ................................I 0 0 0 0 0
Average ................. 171.7 168.3 172.1 167.0 176.5 173.2
Average improvement 3.4 5.1 3.3
Average per cent improve-
ment .1.1 2.9 1.9
Results
1. Maximum heart rate.
Each of the three size groups showed an improvement in average
maximum heart rate (Table 1); the lowering of maximum heart
rate as fitness improves has been shown elsewhere.' 2 However, 22
of the 43 boys in Group I, 10 of the 36 boys in Group II, and 21
of the 47 boys in Group III did not have a decrease in maximum
heart rate; 10 of these boys showed no improvement in fitness index
and 25 others showed no more than a five-point improvement in
their index.
2. Fitness index.
An improvement in fitness, as measured by our index, is shown
for each of the groups by the average scores (Table 2). It is
reasonable to expect about this amount of change in fitness when aEVALUATION OF A BODY-BUILDING PROGRAM
group of boys is given a half-hour program 5 days a week. Wide
variations from this average improvement were found (Table 3),
and these can be explained in part by the initial fitness of the indi-
vidual and by the degree of individual effort. The boy who is unfit
will have to work less hard in order to improve his fitness than will
one who is very fit. The 25 boys whose initial indices ranged from
40 to 58 (average 54.2) showed an improvement of 14.4 per cent;
the 23 boys whose initial indices ranged from 72 to 100 (average
78.3) showed an improvement of 10.6 per cent. These data are
more striking when one realizes that many of the less fit group dis-
liked exercise and were not too interested in improving their condi-
tion, whereas many of the more fit boys were athletic and anxious to
get into better condition. The factor of interest is a considerable
one; it has been mentioned elsewhere2 that without interest and effort
even such a game as lacrosse will fail to improve condition. Twenty
boys who were selected as the most cooperative and diligent in this
group were found to have an average improvement of 15.9 per cent,
whereas the 19 boys who put in the least effort had an average
improvement of only 8.2 per cent.
TABLE 2
DISTRIBUTION OF FITNESS INDICES AT BOTH THE FIRST AND FINAL TESTS
Group I Group II Group III
First Second First Second First Second
time time time time time time
40- 44 .......................... 00 0 0 1 0
45- 49 .......................... I0 0 0 0 0
50- 54 .......................... 2 0 1 0 8 1
55- 59 .......................... 4 1 4 1 7 2
60- 64 . .................... I0 7 8 5 7 10
65-69 .......................... 11 9 12 6 13 15
70- 74 .......................... 6 6 8 8 9 9
75- 79 .......................... 57 2 6 0 2
80- 84 .......................... 36 0 6 1 3
85- 89 .......................... 0 2 1 1 0 2
90- 94 . ................... 02 0 0 1 2
95- 99 . ................... 02 0 1 0 1
100-104 .......................... I 0 1 0 0
105-109 . ................... 00 0 1 0 0
Average ..67.6 74.3 66.4 74.5 63.3 69.7
Average improvement . 6.7 8.1 6.4
Average per cent improve-
ment . 9.9 12.0 10.1
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TABLE 3
NUMBER OF POINTS IMPROVEMENT IN FITNESS INDEX
Group I (43) Group 11 (36) Group IH (47)
(-10) (-6) ............0..........I O
(-5) -(-1) ..................................6 4 1
0(+4) .................................. 119 21
(+5) (+9).10 9 12
(+10)-(+14) ..... ............. 8 7 10
(+15)-(+19) ........................... 5 5 1
(+20) - (+24) ................................ 2 1 2
(+25)-(+29) ................................ 0
(+30) -(+34) ................................ 0 1 0
Average ... 6.7 8.1 6.4
Summry
1. The desirafbility of testing fitness both before and at the end
of a "conditioning" program, in order to assess the efficiency of such
a program, is suggested.
2. An experience with the use of the bicyde ergometer test for
such an evaluation is described.
3. Data indicating the effectiveness of a proper conditioning
program in improving the fitness of adolescents are given.
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